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MAGING LENS UNIT AND IMAGING 
APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a U.S. national stage of application No. PCT/ 
JP2007/066640 filed on Aug. 28, 2007. Priority under 35 
U.S.C. S 119(a) and 35 U.S.C. S365(b) is claimed from Japa 
nese Application No. 2006-232208, filed Aug. 29, 2006, the 
disclosure of which is also incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to an imaging lens unit 
that performs position correction of the position of an imag 
ing lens in an optical axis direction and an angular position 
with respect to the optical axis, and an imaging apparatus. 
0003 Priority is claimed on Japanese Patent Application 
No. 2006-232208, filed Aug. 29, 2006, the content of which is 
incorporated herein by reference. 

BACKGROUND ART 

0004. In an imaging apparatus, such as a camera, there is 
conventionally known an imaging lens unit equipped with a 
camera shake correction function that corrects image blur by 
moving the imaging lens in a direction perpendicular to the 
optical axis and tilting it with respect to the optical axis upon 
detecting with a sensor that camera shake has occurred. 
0005 For example, Patent Document 1 discloses a camera 
shake correcting mechanism that Supports an entire lens bar 
rel including an imaging element with an elastic member, and 
performs camera shake correction by performing a tilting 
movement in two axial directions with respect to the optical 
aX1S. 

0006. Also, Patent Document 2 discloses a camera shake 
correcting mechanism that Supports an entire lens barrel 
including an imaging element so as to be rotatable manner in 
two axial directions, and by applying a shaking force from the 
outside, performs camera shake correction with a tilting 
moVement. 
0007. On the other hand, an imaging apparatus is generally 
provided with a mechanism that moves the imaging lens in 
the optical axis direction with respect to the imaging element 
in order to perform Zoom operation and focus operation, 
separately from the camera shake correcting mechanism. As 
an example of this kind of moving mechanism in the optical 
axis direction, for example, Patent Document 3 discloses a 
lens driving apparatus that Supports a lens So as to move in the 
optical axis direction with a blade spring and performs the 
focus operation by moving the lens Support frame in the 
optical axis direction with a linear motor. 
0008 Also, Patent Document 4 discloses an imaging 
apparatus that moves a Zoom lens group for performing a 
Zoom operation in the optical axis direction and performs 
camera shake correction with a liquid crystal lens that varies 
the image focus location by changing the refractive-index 
distribution within a plane that intersects the optical axis. 
0009 Patent Document 1: Japanese Unexamined Patent 
Application, First Publication No. 2006-53358 (FIG. 1) 
0010 Patent Document 2: Japanese Unexamined Patent 
Application, First Publication No. 2006-23477 (FIG. 1) 
0011 Patent Document 3: Japanese Unexamined Patent 
Application, First Publication No. 2002-365514 (FIGS. 1 to 
4) 
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0012 Patent Document 4: Japanese Unexamined Patent 
Application, First Publication No. 2005-345520 (FIG. 1) 

DISCLOSURE OF THE INVENTION 

Problem to be Solved by the Invention 

0013 However, the conventional imaging lens units and 
imaging apparatuses described above have the following 
problems. 
0014. In the art disclosed in Patent Documents 1 and 2. 
although compact as a camera shake correcting mechanism, 
since it is necessary to provide a separate moving mechanism 
in the case of moving the imaging lens in the optical axis 
direction, the problem arises of the apparatus constitution 
becoming complicated. 
0015. Also, in the art disclosed in Patent Document 3, in 
order to perform camera shake correction, it is necessary to 
tilt the entire optical axis direction moving mechanism or 
move it in a direction perpendicular to the optical axis, which 
leads to an increase in size of the camera shake correcting 
mechanism and poor response. 
0016. Also, in the art disclosed in Patent Document 4, 
although it is capable of simplifying the camera shake cor 
recting mechanism by using a liquid crystal lens, since the 
moving mechanism in the optical axis direction and the cam 
era shake correcting mechanism are separately provided, it is 
necessary to separately provide an apparatus constitution and 
a control mechanism, leading to the problem of the apparatus 
constitution becoming complicated. 
0017. The present invention was achieved in view of the 
above circumstances, and has as its object to provide an 
imaging lens unit that fixes an imaging element and is capable 
of performing movement in the optical axis direction and 
tilting movement with respect to the optical axis of only the 
imaging lens with a simple constitution. 

Means for Solving the Problem 

0018. In order to solve the above issues, the imaging lens 
unit of the present invention has a constitution provided with 
an imaging lens that focuses light from a subject on an imag 
ing Surface; an optical holder that holds the imaging lens; an 
optical holder holding portion that holds the optical holder so 
as to be capable of moving along the optical axis of the 
imaging lens and capable of rotating in a tilting direction with 
respect to the optical axis; holder driving mechanisms that 
independently generate a drive force in the direction along the 
optical axis with respect to the optical holder at least three 
locations of the periphery of the optical holder; an attitude 
detecting sensor that detects the attitude of the optical holder 
with respect to the optical axis; and a holder drive control 
apparatus that controls the magnitude and direction of the 
drive force of each holder drive mechanism in accordance 
with the detection output of the attitude detecting sensor. 
0019. According to this invention, in accordance with the 
detection output of the attitude detecting sensor, it is possible 
to independently control the drive forces that act on at least 
three locations of the optical holder by the holder drive con 
trol apparatus, and it is possible to move the optical holder in 
the optical axis direction and possible to rotate the optical 
holder in a tilting direction with respect to the optical axis as 
required. For that reason, it is possible to perform separate or 
simultaneous movement in the direction along the optical axis 
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of the imaging lens that is held in the optical holder and tilting 
movement of the lens optical axis with respect to the optical 
axis. 

EFFECT OF THE INVENTION 

0020 Since the imaging lens unit and imaging apparatus 
of the present invention are capable of independently control 
ling the drive forces that act on at least three locations of the 
periphery of an optical holder, they exhibit the effect of being 
able to perform movement in a direction along the optical axis 
of the imaging lens and tilting movement with respect to the 
optical axis with a simple constitution that has the same 
mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a perspective view that shows the outline 
constitution of an imaging lens unit according to the first 
embodiment of the present invention. 
0022 FIG. 2 is an exploded perspective view of the imag 
ing lens unit according to the first embodiment of the present 
invention. 
0023 FIG.3 is a plan view of the imaging lens unit accord 
ing to the first embodiment of the present invention. 
0024 FIG. 4 is a cross-sectional view along lines A-B-C in 
FIG. 3. 

0025 FIG. 5 is a functional block drawing of the holder 
drive control apparatus of the imaging lens unit according to 
the first embodiment of the present invention. 
0026 FIG. 6A is a schematic operation principle drawing 
of the imaging lens unit according to the first embodiment of 
the present invention. 
0027 FIG. 6B is a schematic operation principle drawing 
of the imaging lens unit according to the first embodiment of 
the present invention. 
0028 FIG. 7 is a perspective view showing the outline 
constitution of the imaging lens unit according to the second 
embodiment of the present invention. 
0029 FIG. 8 is a plan view of the imaging lens unit accord 
ing to the second embodiment of the present invention. 
0030 FIG.9 is a cross-sectional view of the main portions 
along line D-D in FIG. 8. 
0031 FIG. 10 is a perspective view that shows the outside 
view of an imaging apparatus according to the third embodi 
ment of the present invention. 

BRIEF DESCRIPTION OF THE REFERENCE 
NUMERALS 

0032. 1 imaging element; 2 holder (optical holder holding 
portion); 3, 10 lens holder (optical holder); 3c spherical por 
tion (spherical portion); 7 Hall element (attitude detecting 
sensor); 9 iron plate (magnetic body); 11 elastic holding 
member (elastic member); 20 control apparatus (holder drive 
control apparatus); 100, 110, 202 imaging unit (imaging lens 
unit); 200 digital camera (imaging apparatus) 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0033 Hereinbelow the embodiments of the present inven 
tion shall be described with reference to the appended draw 
ings. Even in the case of the embodiments differing, the same 
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reference numerals shall be given to the same or similar 
members, and common descriptions shall be omitted. 

First Embodiment 

0034. The imaging lens unit according to the first embodi 
ment of the present invention shall be described. 
0035 FIG. 1 is a perspective view that shows the outline 
constitution of an imaging lens unit according to the first 
embodiment of the present invention. FIG. 2 is an exploded 
perspective view of the imaging lens unit according to the first 
embodiment of the present invention. FIG. 3 is a plan view of 
the imaging lens unit according to the first embodiment of the 
present invention. FIG. 4 is a cross-sectional view along lines 
A-B-C in FIG. 3. FIG. 5 is a functional block drawing of the 
holder drive control apparatus of the imaging lens unit 
according to the first embodiment of the present invention. 
0036 An imaging unit 100 of the present embodiment is a 
unit made to be capable of performing an autofocus operation 
ora camera shake correction operation and the like by moving 
the imaging lens in a direction along the optical axis with 
respect to an imaging element and tilting the lens optical axis 
with respect to the optical axis. The imaging unit 100 is 
Suitable as a portion of an imaging camera or an imaging 
portion that is built into an apparatus Such as a mobile phone, 
PDA (Personal Digital Assistant), notebook computer, or 
computer monitor and the like. 
0037. The outline constitution of the imaging unit 100, as 
shown in FIGS. 1 to 5, has an imaging element 1, a holder 2, 
a lens holder 3, an imaging lens 4, and a control apparatus 20. 
0038. The imaging element 1 images light from the imag 
ing lens 4, and has a plurality of light-receiving sensors 
arranged in a lattice pattern in an imaging area having an 
approximately rectangular shape in plan view. For example, it 
is possible to adopt a CCD or CMOS sensor or the like. 
0039. The holder 2 has an imaging element holding por 
tion 2a that holds the imaging element 1 in a fixed position 
and a sleeve portion 2b that has a cylindrical inner Surface 
with a radius R centered on the optical axis P that is a 
reference axis of imaging (refer to FIG. 4). The sleeveportion 
2b is provided facing the imaging area of the imaging element 
1 which the imaging element holding portion 2a holds. 
0040. Here, the optical axis P. used as the reference axis of 
imaging passes through the center position of the imaging 
area, within the normal of the imaging area of the imaging 
element 1 held in the holder 2. 

0041. In the side of the holder 2, as shown in FIG. 2, four 
magnet holding holes 2c that has square holes that have their 
centers on two axes that intersect the optical axis P and 
mutually intersect, and a magnet 5 is fitted in each magnet 
holding hole 2c So that the magnetic pole is aligned in the 
direction along the optical axis P on the interior side of the 
sleeve portion 2b. 
0042. In order to hold the lens holder 3 in a slidable man 
ner by the cylindrical inner surface of the holder 2, as shown 
in FIG.4, shapes such as a lens mirror frame portion3a and a 
coil holding slot 3b are formed in a sphere of radius R in 
which the vertical direction is cut off in the drawing, and a 
spherical portion 3c that has a radius R remains on the side 
Surface of the direction intersecting the center axis that 
extends in the vertical direction of the drawing. 
0043. Here, the radius R of the sleeve portion 2b and the 
spherical portion 3c is set so that the spherical portion 3c fits 
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so as to make freely slidable contact with the sleeveportion2b 
in the range of the drive forces described below that are 
applied to the lens holder 3. 
0044) The lens holder 3 is made of a nonmagnetic material 
Such as a synthetic resin. 
0045. The lens mirror frame portion 3a is a hole portion 
that is bored through along the center axis of the lens holder 
3 in order to position and hold the imaging lens 4. For this 
reason, the center axis of the lens holder 3 agrees with the lens 
optical axis P. of the imaging lens 4. 
0046. The coil holding slot 3b serves to fix and hold a coil 
6 in the periphery of the lens holder 3 in a state of facing the 
magnet 5 that is held in the magnet holding hole 2c of the 
holder 2. As for the method of fixing the coil 6, it is possible 
to employ a method such as adhesion. 
0047. In the present embodiment, when the lens holder 3 is 
disposed in the sleeveportion2b, it is provided in a square slot 
shape (refer to FIG.2) opening upward when viewed from the 
side in the four directions approximately facing the respective 
magnet holding holes 2c. 
0048. Each of the coils 6 provided in the coil holding slots 
3b in the present embodiment intersects the lens optical axis 
P and is arranged so that the direction facing the magnet 
holding hole 2c becomes the center axis of the winding, and 
the respective lead wire (not illustrated) is connected to a coil 
current control portion 24 of a control apparatus 20, with 
current being independently supplied thereto (refer to FIG. 
5). 
0049. Then, as shown in FIGS. 3 and 4, a magnetic fluid 8 

is injected in a gap between the coil 6, which is fixed in the coil 
holding slot3b, and the magnet 5 that faces the coil 6, with the 
magnetic fluid 8 imparting Viscous damping to relative move 
ment of the magnet 5 and the coil 6. 
0050. The magnetic fluid 8 is mainly held in the gap 
between the magnet 5 and the coil 6 by the magnetic force of 
the magnet 5. 
0051 Moreover, a Hall element 7 is provided in the center 
portion of each coil 6 and, by detecting the magnitude of flux 
density, detects the position with respect to the facing magnet 
5. 
0052. In the present embodiment, as shown in FIG. 2, 
when the magnets 5 are arranged as magnets 5a, 5b, 5c, 5d in 
a counterclockwise manner viewed from above and the coils 
6 facing them respectively are arranged as coils 6a, 6b, 6c. 6d. 
the Hall elements 7a, 7b, 7c, 7d are respectively provided 
corresponding to the Subscripts. 
0053. The detection output of each Hall element 7 is led to 
a position attitude detecting portion 21 in the control appara 
tus 20 with a lead wire (not illustrated). 
0054 Also, an iron plate 9 that causes the lens holder 3 to 
float by causing the magnetic force of the magnet 5 to act is 
respectively provided between the coil 6, Hall element 7 and 
the lens holder 3. Note that the iron plate 9 is only one 
example, and for example it may be a magnetic body that is 
constituted by hardening a magnetic powder or dispersing it 
in a synthetic resin. 
0055. The imaging lens 4, which serves to focus the image 
of a Subject on the imaging area of the imaging element 1, 
consists of a Suitable lens or lens group that is arranged on the 
lens optical axis P. As a constituent element other thana lens, 
it is possible to provide an optical element that does not have 
power, Such as a filter or aperture. 
0056. With the above constitution, in the assembled state 
of the imaging unit 100, the attractive forces of the magnets 5 
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on the iron plates 9 are balanced, and the center of each coil 6 
is at rest at a reference position facing the center of each 
magnet 5. At this time, the lens optical axis P. is in agreement 
with the optical axis P. (refer to FIG. 4). 
0057 When current is supplied to each coil 6, an electro 
magnetic force acts on each magnet 5 by the magnetic field 
generated according to the current value, each coil 6 receives 
attraction or repulsion as a reaction, and the drive forces in the 
direction of the optical axis P. come to be biased to the lens 
holder 3. 
0058. The control apparatus 20 controls the balance of the 
drive forces biased by the lens holder 3 to realize movement 
in a direction along the optical axis P of the lens holder 3 and 
rotating movement that tilts with respect to the optical axis P. 
0059. The functional block constitution of the control 
apparatus 20 has the position attitude detecting portion 21, an 
operation processing portion 22, and a coil current control 
portion 23, as shown in FIG. 5. 
0060. They may be constituted from dedicated hardware 
respectively corresponding to the block function, or may be 
realized by a computer provided with a CPU, memory and 
suitable input/output interface or the like. 
0061 Moreover, a specific apparatus composition of the 
control apparatus 20 may be one also used as another control 
apparatus external to the imaging unit 100. 
0062. The position attitude detecting portion 21 detects 
the current position with respect to each magnet 5 that each 
Hall element 7 faces based on change of the magnitude of the 
flux density which each Hall element 7 detects, and sends the 
detection output to the operation processing portion 22. 
0063. Since the magnetic pole of the magnet 5 is aligned in 
the direction along the optical axis P, when the Hall element 
7 moves in tandem with movement of the lens holder 3, the 
flux density increases the closer the Hall element 7 comes to 
one magnetic pole. For that reason, by correcting the relation 
ship between the amount of movement of a lens holder 3 and 
change of flux density beforehand and storing it as a conver 
sion formula or table and the like, it is possible to detect the 
amount of movement along the optical axis Pataposition of 
each Hall element 7. 
0064. The operation processing portion 22 calculates the 
position of the lens holder 3 in the direction along the optical 
axis P, and the tilt of the lens optical axis P. with respect to the 
optical axis P. from the current position of each Hall element 
7 sent from the position attitude detecting portion 21. The 
operation processing portion 22 calculates the discrepancy 
from the control target position of the lens holder 3 referring 
to a focus control signal and a camera shake correction con 
trol signal which are Supplied from outside of the imaging 
unit 100. The operation processing portion 22 calculates the 
coil current that adjusts each drive force, corresponding to the 
discrepancy from the target position, and sends it to the coil 
current control portion 23. 
0065 Here, the focus control signal is a control signal that 
detects the amount of defocus with a suitable focus detecting 
device and converts it to a movement target amount in the 
direction along the optical axis P of the imaging lens 4. 
0066. The camera shake correction control signal is a con 
trol signal that detects the amount of camera shake by a 
Suitable camera shake detecting apparatus Such as an accel 
eration sensor or image processing and, in order to suppress 
the image blur to a permissible value or below, converts it to 
a target value of tilt movement of the lens optical axis P. to be 
tilted with respect to the optical axis P. 
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0067. The coil current control portion 23 is for sending 
electricity to the coils 6a, 6b, 6c, and 6d according to each coil 
current value sent from the operation processing portion 22. 
0068. Next, the operation of the imaging unit 100 shall be 
described. 
0069 FIG. 6A and FIG. 6B are schematic operation prin 
ciple drawings of the imaging lens unit according to the first 
embodiment of the present invention. 
0070. In the imaging unit 100, the output from each Hall 
element 7 is sent to the position attitude detecting portion 21, 
whereby the position of each Hall element 7 with respect to 
each magnet 5 that is fixed in the holder 2 is detected, and is 
sent to the operation processing portion 22. Then, in the 
operation processing portion 22, the position information on 
the optical axis P of the center position of the lens holder 3 
and the attitude information of the lens optical axis P. with 
respect to optical axis P are always computed. 
0071 And from outside of the apparatus, the focus control 
signal and the camera shake correction control signal are 
input to the control apparatus 20. 
0072. In the operation processing portion 22, the discrep 
ancy (deviation) of the current position and attitude of the lens 
holder 3 with respect to the movement target value are com 
puted based on the focus control signal and the camera shake 
correction control signal. In accordance with the respective 
discrepancy (deviation), the drive forces to act on the lens 
holder 3 are computed. 
0073 For example, in the case of there being only a dis 
crepancy in the position in direction along the optical axis P. 
(that is, the attitude deviation is 0), as shown in FIG. 6A, for 
an electromagnetic force f from the magnet 5a which acts on 
the coil 6a, and similarly the other electromagnetic forces f. 
f f. corresponding to the subscripts of the coils 6, a control 
signal that adjusts the balance so that the directions and mag 
nitudes thereof become identical is sent to the coil current 
control portion 23, and the coil current is sent to the coils 6a, 
6b, 6c, and 6d. 
0074 Thereby, since a translational force along the optical 
axis P acts on the lens holder 3, the lens holder 3 moves in 
parallel with the spherical portion 3c following along the 
inner surface of the sleeve portion 2b. 
0075. When the present position of the lens holder 3 
reaches the target position, since the deviation with respect to 
the focus control signal becomes 0, the movement is stopped. 
0076 Moreover, for example due to the camera shake 
correction, in the case of only tilting the lens optical axis P. 
with respect to the optical axis P. (in the case of the position 
deviation being O), for example as shown in FIG. 6B, in the 
case of it being necessary to rotate around an axis line that 
connects the magnets 5a, 5c in a clockwise manner when 
viewed from the side of the magnet 5a, coil currents are 
flowed so as to constitute a force couple in which ff0, and 
f, faces down in the drawing and f faces up in the drawing in 
a manner becoming the same electromagnetic force. 
0077. Thereby, the lens holder 3 rotates about the center of 
the spherical portion 3c by sliding on the inner surface of the 
sleeveportion2b along the surface of the spherical portion 3c. 
When the present position of the lens holder 3 reaches the 
target position, since the deviation with the focus control 
signal becomes 0, movement is stopped. 
0078 Here, since each magnetic fluid 8 that is interposed 
in a gap between the magnet 5 and the coil 6 dissipates energy 
by moving in the space between the magnet 5 and the coil 6 in 
accordance with the relative displacement between the mag 
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net 5 and the coil 6, it imparts viscous damping to movement 
of the lens holder 3. For that reason, by suitably adjusting the 
injection rate and Viscosity of the magnetic fluid 8, it is 
possible to adjust the Viscous damping and ensure the stabil 
ity of position control. 
0079. In a general case in which both the position devia 
tion and attitude deviations are not 0, according to the state of 
overlapping the deviations, by setting the direction and mag 
nitude of the electromagnetic forces f. f. f. f. it is possible 
to perform movement that simultaneously cancels the respec 
tive deviations. 
0080 That is, by the imaging unit 100, it is possible to 
simultaneously realize movement in a direction along the 
optical axis and rotation that tilts with respect to the optical 
axis with the same mechanism and the same control system. 
For that reason, it is possible to achieve a simple and compact 
constitution compared to performing the respective move 
ment control and rotational control with separate mechanisms 
and control systems. 

Second Embodiment 

I0081. The imaging lens unit according to the second 
embodiment of the present invention shall be described. 
I0082 FIG. 7 is a perspective view showing the outline 
composition of the imaging lens unit according to the second 
embodiment of the present invention. FIG. 8 is a plan view of 
the imaging lens unit according to the second embodiment of 
the present invention. FIG. 9 is a cross-sectional view of the 
main portions along line D-D in FIG. 8. 
I0083. As shown in FIGS. 7 and 8, an imaging unit 110 of 
the present embodiment has a lens holder 10 in place of the 
lens holder 3 of the imaging unit 100 of the first embodiment, 
and adds an elastic holding member 11. Hereinbelow, the 
description shall be given centered on the points of difference 
with the foregoing embodiment. 
I0084 FIG. 9 shows the main portions of the imaging unit 
110, showing the holder 2, the lens holder 10, and the elastic 
holding member 11. 
0085. The lens holder 10, as shown in FIGS. 8 and 9, is of 
a cylindrical member which has a radius r that is Small com 
pared with the inner radius R of the sleeve portion 2b, with the 
lens mirror frame portion 3a formed in the centerportion, and 
a coil holding slot 10b having the same shape as the coil 
holding slot 3b formed in the side surface portion. 
I0086. The elastic holding member 11, as shown in FIG. 8, 
is blade spring portions 11b, 11b that, in addition to being 
extended in the horizontal direction (paper surface direction 
in FIG. 8) in the approximate circumferential direction of an 
attachment portion 11a at the inner side in the radial direction 
of the circular attachment portion 11a that is fixed to the upper 
end surface of the sleeve portion 2b, are provided with axial 
symmetry with respect to the center axis of the attachment 
portion 11 a that is approximately in agreement with the opti 
cal axis P. 
I0087. The distal end portion of each blade spring portion 
11b in the extended direction is fixed in a blade spring holding 
portion 10c that is provided between the coil holding slots 10b 
and 10b at the upper end portion (upward direction in FIG.9) 
of the lens holder 10. 
I0088 Since the blade spring portions 11b are extended 
along the approximate circumferential direction of the attach 
ment portion 11a, the blade spring holding portions 10c can 
be provided in the vicinity of the attachment portion 11a. For 
that reason, the lens holder 10 is elastically supported in a 
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direction along the optical axis P at mutually symmetrical 
periphery positions with respect to the center axis by the two 
blade spring portions 11b at the upper end portion. 
0089. As the material of the blade spring portions 11b, it is 
possible to employ a metal thin plate or synthetic resin that 
provides the required elastic resilience. 
0090. Note that the blade spring portions 11b may be 
aligned in the circumferential direction by providing them in 
a circular shape along the inner diameter of the attachment 
portion 11a, but in the present embodiment the blade spring 
portions 11b are aligned in the approximate circumferential 
direction by extending the blade spring portions 11b in an 
approximate straight line in the vicinity of the attachment 
portion 11a. 
0091 Also, in the present embodiment, by providing the 
blade spring holding portions 10c between the coils 6a, 6b 
and between the coils 6c. 6d, respectively, the positional 
relation between each blade spring holding portion 10c and 
the coils 6 in a plan view is approximately symmetrical with 
respect to a straight line 0, that connects the blade spring 
holding portions 10c, 10c and passes through the center axis 
of the lens holder 10 (refer to FIG. 8). 
0092. By doing so, in each blade spring holding portion 
10c, it is possible to make the moment of the drive forces 
applied from the coils 6 during energization of the coils 6 
approximately symmetrical with respect to the straight line 
0. For that reason, the movement control of the lens holder 10 
becomes simple, which is preferred. 
0093. According to the imaging unit 110, the lens holder 
10 is movably held in the direction of the optical axis P. by the 
blade springholding portions 10c at two locations at the upper 
end surface and shifted in the radial direction from the center 
axis. Accordingly, when drive forces act on the lens holder 10, 
the blade spring portions 11b deform, and it is possible for the 
lens holder 10 to move three-dimensionally in the range of the 
gap with the inner surface of the sleeve portion 2b. 
0094 For example, when the electromagnetic force that 
acts from each coil 6 at the time of coil energization is respec 
tively set to f. f. f. and f, as in the first embodiment, it is 
possible to perform parallel movement along the optical axis 
P by making each electromagnetic force have the same mag 
nitude in the same direction. In this case, due to the deforma 
tion of the blade spring portions 11b, the lens holder 10 
receives the tensile force in the circumferential direction from 
the blade spring holding portions 10c. But since each blade 
spring portion 11b is provided in axial symmetry with respect 
to the center axis of the lens holder 10, the tensile forces act as 
a force couple, and so the forces balance in the circumferen 
tial direction by minute rotation of the lens holder 10 about 
the center axis, and so it can Smoothly move in the optical axis 
direction. That is, in a strict sense the lens holder 10 performs 
helical motion, but since it is helical motion about the optical 
axis P, it does not influence the image formation perfor 
mance of the imaging lens 4, which is an axial symmetry 
optical system. 
0095 Moreover, by making f. f. and f f have the same 
magnitude in opposite directions, it is possible to perform 
rotational movement about the straight line 0. 
0096. Also, by making f, f, and f, f, have the same 
magnitude in opposite directions, it is possible to perform 
rotational movement about the straight line 0, (refer to FIG.8) 
that intersects the straight line 0, and the optical axis P. 
0097. By adjusting the balance of the drive forces that used 
these electromagnetic forces with the control apparatus 20, it 
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is possible to simultaneously realize overlapping of the above 
movements and movement that includes movement in the 
direction of the optical axis P and rotation that tilts with 
respect to the optical axis P. For that reason, similarly to the 
first embodiment, it is possible to control the position of the 
imaging lens 4 and the attitude of the lens optical axis P, in 
accordance with the focus control signal and the camera 
shake correction control signal. 

Third Embodiment 

0098. The imaging apparatus according to the third 
embodiment of the present invention shall be described. 
(0099 FIG. 10 is a perspective view that shows the outside 
view of the imaging apparatus according to the third embodi 
ment of the present invention. 
0100. In a digital camera 200 of the present embodiment, 
as shown in FIG. 10, an optical unit 204 is provided in a freely 
slidable manner in a camera body 201. 
0101. An imaging unit 202 that images a subject, a strobe 
portion 203 that performs speed light photography, a shutter 
release 205, and the like are formed in the optical unit 204. 
0102. As for the imaging unit 202, it is possible to adopt all 
of the imaging lens units such as the imaging units 100, 110 of 
the first and second embodiments, respectively. 
(0103. The camera shake detection sensor made of an 
acceleration sensor or the like and an autofocus mechanism 
(not illustrated) are built into the camera body 201, and a 
control portion that generates the camera shake correction 
control signal and the focus control signal by their detection 
output and sends it to the imaging unit 202 is provided. 
0104. According to the digital camera 200 of the present 
embodiment, since it is possible with the imaging unit 202 to 
perform movement of the imaging lens in the optical axis 
direction and tilt movement with respect to the optical axis 
with a simple constitution that has the same mechanism, it is 
possible to achieve an imaging apparatus that is compact and 
has high performance. 
0105. Note that the above description was given with the 
example of the case of the drive forces acting on the optical 
holder at four locations, but in order to cause the lens optical 
axis to tilt in a desired direction with respect to the optical 
axis, balance control may be performed by causing the drive 
forces to act at least three locations. 

0106. Also, in the above-described first embodiment, as 
the optical holder, the lens holder 3 was described with the 
example of the shape of the lens mirror frame portion 3a, the 
coil holding slot3b and the like being formed in a sphere with 
the vertical direction being cutaway. But provided a spherical 
portion is formed with a fixed diameter that has one center on 
the lens optical axis of the imaging lens that slidably inscribes 
at least three points in the cylindrical surface of the holder 
holding portion, the outer shape of the optical holder is not 
restricted to the shape of cutting away this kind of sphere. 
0.107 Also, in the above-described second embodiment, 
as the optical holder, the lens holder 10 was described with the 
example of having an approximately cylindrical appearance, 
but provided it is possible to open a gap in which the required 
rotational movement is possible with the holder holding por 
tion, the shape of the optical holder is not restricted to an 
approximately cylindrical appearance. 
0108. Also, in the above description, the example was 
described of interposing a magnetic fluid between the coil and 
magnet in order to impart damping, but in the case of Suffi 
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cient damping being obtained without interposing a magnetic 
fluid, it is possible to omit the magnetic fluid. 
0109 Also, in the above description, the example was 
described of the case of using the Hall element that is a 
magnetic sensor as the attitude detecting sensor, but if it is 
possible to detect the relative movement of the optical holder 
with respect to the holder holding portion, another sensor may 
be employed. For example, an acceleration sensor, an optical 
sensor, an electrostatic capacity sensor, and the like may be 
used. 
0110. Also, in the second embodiment, the description 
was given with the example using a blade spring as the elastic 
member, but provided it is an elastic member that is capable of 
applying an elastic resilience to the optical holder, it is not 
restricted to a blade spring. For example, a bar-shaped elastic 
member that employs flexure, a bar-shaped elastic member 
that employs twisting Such as a torsion bar, an elastic member 
that employs compression, pulling Such as synthetic rubber or 
a coil spring and the like may be favorably employed. 
0111. Also, in the above description, the example was 
described of the case of the holder driving mechanism con 
sisting of a magnet and coil, and directly causing electromag 
netic force to act on the optical holder during coil energiza 
tion. Since a force couple can be generated if it is possible to 
independently drive the optical holder at least three locations, 
besides a linear motor, it may be one that directly drives with 
a piezoelectric device or an artificial muscle, or one that 
indirectly drives via a well-known transmission mechanism 
Such as a gear transmission mechanism, spring, lever, lever 
age and the like. 
0112 Also, in the third embodiment above, the descrip 
tion was given with the example of the case of the imaging 
apparatus being digital camera, but the imaging apparatus is 
not restricted to this. For example, the imaging apparatus may 
be an imaging apparatus that is built into an apparatus Such as 
a mobile phone, PDA, notebook computer, or computer 
monitor and the like. 
0113 Also, the constituent elements that are disclosed in 
the above embodiments, if technically possible, can be imple 
mented by suitably combining within the scope of the tech 
nical ideas of the present invention. 
0114 Here, regarding the correspondence relationship 
between the terms of the above-described embodiments and 
terms of the claims, the cases where the names differ shall be 
described. 
0115 The imaging units 100, 110, 202 are respectively 
one embodiment of the imaging lens unit. The holder 2 is one 
embodiment of the optical holder holding portion. The lens 
holders 3, 10 are one embodiment of the optical holder. The 
control apparatus 20 is one embodiment of the holder drive 
control apparatus. The spherical portion 3c is one embodi 
ment of the spherical portion. The iron plate 9 is one embodi 
ment of the magnetic body. 
0116. The elastic holding member 11 is one embodiment 
of the elastic member. The magnet 5 and the coil 6 constitute 
one embodiment of the holder driving mechanism. The Hall 
element 7 is one embodiment of the attitude detecting sensor. 
The digital camera 200 is one embodiment of the imaging 
apparatus. 

INDUSTRIAL APPLICABILITY 

0117. According to the present invention, it is possible to 
provide an imaging lens unit that is capable of achieving 
movement of only an imaging lens in an optical axis direction 
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and the tilt movement of the imaging lens with respect to the 
optical axis with a simple constitution. 

1. An imaging lens unit comprising: 
an imaging lens that focuses light from a Subject on an 

imaging Surface; 
an optical holder that holds the imaging lens; 
an optical holder holding portion that holds the optical 

holder so as to be capable of moving along the optical 
axis of the imaging lens and capable of rotating in a 
tilting direction with respect to the optical axis; 

holder driving mechanisms that independently generate a 
drive force in the direction along the optical axis with 
respect to the optical holder at least three locations of the 
periphery of the optical holder; 

an attitude detecting sensor that detects the attitude of the 
optical holder with respect to the optical axis; and 

a holder drive control apparatus that controls the magni 
tude and direction of the drive force of each holder drive 
mechanism in accordance with the detection output of 
the attitude detecting sensor. 

2. The imaging lens unit according to claim 1, wherein each 
holder driving mechanism comprises: 

a coil that is provided in the side surface of the optical 
holder; and 

a magnet that is arranged in the periphery of the optical 
holder at a position approximately facing the coil and, 
during energization of the coil, causes the drive force to 
actina direction along the optical axis with respect to the 
coil. 

3. The imaging lens unit according to claim 2, wherein a 
magnetic fluid is interposed between the coil and the magnet. 

4. The imaging lens unit according to claim 2, wherein the 
optical holder is provided with a magnetic body at a position 
facing the magnet. 

5. The imaging lens unit according to claim 1, wherein the 
optical holder has a spherical portion with a fixed diameter 
that has one center on the lens optical axis of the imaging lens; 
and 

the holder holding portion has a cylindrical Surface that is 
extended in the direction along the optical axis that 
slidably inscribes at least three points of the spherical 
portion of the optical holder. 

6. The imaging lens unit according to claim 1, wherein the 
optical holder is arranged in the inner side of the holder 
holding portion with a gap that allows movement in the opti 
cal axis direction and allows rotational movement with 
respect to the optical axis, and is fixed to the holder holding 
portion via an elastic member. 

7. The imaging lens unit according to claim 6, wherein the 
elastic member is provided with a plurality of blade spring 
portions at the inner side of the holder holding portion that are 
extended in approximately the circumferential direction and 
have axial symmetry with respect to the optical axis. 

8. An imaging apparatus provided with the imaging lens 
unit according to claim 1. 

9. The imaging lens unit according to claim3, wherein the 
optical holder is provided with a magnetic body at a position 
facing the magnet. 

10. The imaging lens unit according to claim 2, wherein the 
optical holder has a spherical portion with a fixed diameter 
that has one center on the lens optical axis of the imaging lens; 
and 

the holder holding portion has a cylindrical Surface that is 
extended in the direction along the optical axis that 
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slidably inscribes at least three points of the spherical 
portion of the optical holder. 

11. The imaging lens unit according to claim3, wherein the 
optical holder has a spherical portion with a fixed diameter 
that has one center on the lens optical axis of the imaging lens; 
and 

the holder holding portion has a cylindrical Surface that is 
extended in the direction along the optical axis that 
slidably inscribes at least three points of the spherical 
portion of the optical holder. 

12. The imaging lens unit according to claim 4, wherein the 
optical holder has a spherical portion with a fixed diameter 
that has one center on the lens optical axis of the imaging lens; 
and 

the holder holding portion has a cylindrical Surface that is 
extended in the direction along the optical axis that 
slidably inscribes at least three points of the spherical 
portion of the optical holder. 

13. The imaging lens unit according to claim 2, wherein the 
optical holder is arranged in the inner side of the holder 
holding portion with a gap that allows movement in the opti 
cal axis direction and allows rotational movement with 
respect to the optical axis, and is fixed to the holder holding 
portion via an elastic member. 
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14. The imaging lens unit according to claim3, wherein the 
optical holder is arranged in the inner side of the holder 
holding portion with a gap that allows movement in the opti 
cal axis direction and allows rotational movement with 
respect to the optical axis, and is fixed to the holder holding 
portion via an elastic member. 

15. The imaging lens unit according to claim 4, wherein the 
optical holder is arranged in the inner side of the holder 
holding portion with a gap that allows movement in the opti 
cal axis direction and allows rotational movement with 
respect to the optical axis, and is fixed to the holder holding 
portion via an elastic member. 

16. An imaging apparatus provided with the imaging lens 
unit according to claim 2. 

17. An imaging apparatus provided with the imaging lens 
unit according to claim 3. 

18. An imaging apparatus provided with the imaging lens 
unit according to claim 4. 

19. An imaging apparatus provided with the imaging lens 
unit according to claim 5. 

20. An imaging apparatus provided with the imaging lens 
unit according to claim 6. 

21. An imaging apparatus provided with the imaging lens 
unit according to claim 7. 

c c c c c 


